• Great phenotypic variation was found among C. arabica genotypes derived from "Sarchimor" IAPAR 88480-8.
INTRODUCTION
Phytonematodes cause significant reduction in the coffee production because they parasitize roots during almost of all crop life cycle [1] . The main economically important species of the genus Meloidogyne Chitwood are distributed in the coffee growing areas in Brazil, causing yield losses that vary according to nematode species, population density and cultivar susceptibility [1] . In Brazil, Meloidogyne paranaensis Carneiro, Carneiro, Abrantes, Santos & Almeida is widely distribute, and was found parasitizing coffee plants in Paraná [2, 3] , São Paulo [4] , Minas Gerais [5] , Espírito Santo [6] , and Goiás States [7] . In Paraná, the main species found in coffee crops are M. incognita and M. paranaensis [2] . Meloidogyne paranaensis is a very aggressive nematode species on coffee, causing foliar necrosis, stunting, defoliation, and general decline, leading to plant death [8] .
In infested areas, management is difficult and eradication is impossible. Defining on the most suitable strategy for nematode management can vary according to the situation of each area. The recommended methods are crop rotation, soil management with antagonistic plants and the use of resistant cultivars [1] . Indeed, the coffee crop is economically viable in infested areas only with the use of resistant cultivars. Resistance sources to M. paranaensis are scarce in Coffea spp., but can be identified in C. canephora Pierre ex Froehner [9, 10] , C. congensis Froehner [11] and C. arabica L. from Ethiopia [12, 13] . 'Apoatã IAC 2258' (C. canephora) is a resistant cultivar widely used as rootstock [9, 14, 15] . In C. arabica, resistance to M. paranaensis was found in cultivars IPR 100 [15] and IPR 106 [16] , both carrying genes from C. liberica Hiern. and C. canephora.
Arabica coffee cultivars carrying genes from C. canephora, as 'Icatu', are known resistance sources [17, 18, 19] . The 'Timor' hybrid is also a C. arabica genotype that carries genes from C. canephora, but its resistance to M. paranaensis was poorly studied. Resistance to this nematode was observed in 'Timor' hybrids in infested areas [20] and in 'Sarchimor' (IAPAR 88480-8), which was derived from crosses between 'Villa Sarchi 971/10' and 'Timor' hybrid "832/2" [21] . This genotype of C. arabica, called IAPAR 88480-8, was originated from a selection made into 'Sarchimor 1669-33' [21] , but its resistance was evaluated only based in gall index and number of egg masses. 'Tupi IAC 1669-33', also originated from 'Sarchimor 1669-33', was susceptible to M. paranaensis, but showed a lower nematode multiplication when compared with the susceptible genotypes included in the test [22] . 'IAPAR 88480-8' has a great importance in the coffee breeding program from IAPAR, since it shows agronomical favorable characteristics, and it has the potential to became a new cultivar. Therefore, the objective of the present work was to evaluate the host reaction of 'Sarchimor' genotypes derived from IAPAR 88480-8 to M. paranaensis.
MATERIAL AND METHODS

Coffee genotypes
Arabica coffee genotype 'IAPAR 88480-8' was originated from a selection made from a F 4 population of 'Sarchimor 1669-33', derived from crosses between 'Villa Sarchi CIFC 971/10' and 'Timor hybrid CIFC 832/2'. The F 4 population was cropped in an infested area with M. paranaensis in the municipality of Cambira, Paraná, Brazil. In this experimental area, general decline of plants was observed, but some plants from 'Sarchimor 1669-33' exhibited high productivity and satisfactory growth. Seeds were collected from these plants and a sample was advanced to the next generation, F 5 , in Londrina, Paraná, Brazil, and was called 'IAPAR 88480-8'.
We evaluated eight genotypes 
Greenhouse experiments
Two greenhouse experiments were conducted at Instituto Agronômico do Paraná, Londrina, Paraná, Brazil (23°21'20.0"S 51°09'58.2"W), respectively from December 11, 2014 to March 12, 2015 (Experiment 1) and from January 06 to April 13, 2015 (Experiment 2), with temperatures ranging from 21 to 41 °C.
Coffee seedlings were obtained through direct seeding in sand. At cotyledonal stage, seedlings were transplanted to plastic tubes in order to complete their development until 4-leaf-pair, when they were transplanted to 700-cm 3 plastic pots containing 600 cm 3 of sterilized (160 ºC/ 5 hours) substrate (58% sand, 8% silt and 34% clay) (one per pot) prior to nematode inoculation. Plants in pots were watered as needed and fertilized once with 3 g of Osmocote® Plus (15% N, 9% P 2 O 5 , 12% K 2 O, 1% Mg, 2.3% S, 0.05% Cu, 0.45% Fe, 0.06% Mn, 0.02% Mo). One month after the transplanting, plants were inoculated with nematodes.
Nematode inoculum preparation, inoculations and phenotypic assessment
Meloidogyne paranaensis population used in the experiments were collected in Apucarana, Paraná, Brazil, in coffee roots. This population was identified and subsequently purified from a single egg mass. Species identification was performed by α-esterase phenotypes [23] and morphological approaches [24] . Nematode populations are routinely multiplied on coffee 'Mundo Novo', under greenhouse conditions. Nematoda , 2016;3: eCC042016
Coffee genotypes reaction against Meloidogyne paranaensis
Approximately 60 days before inoculation, nematodes were extracted from coffee roots [25] and inoculated in tomato 'Santa Clara', in order to multiply the inoculum for experiments.
After nematode extraction using the NaOCl method [25] a suspension containing 1,400 (Experiment 1) or 1,000 (Experiment 2) eggs was poured per pot (IP = initial population) into 2 small 2.0 cm-deep holes beside the root system. Inoculation was done on 5 to 6-leaf-pair plants.
Evaluations were done 90 days after inoculation. Aerial parts were discarded and root system were washed with tap water and weighed. The nematode extraction was performed according to Bonetti & Ferraz [25] . Nematode final population (FP) was estimated by counting eggs plus juveniles from roots.
The reproductive factor (RF=FP/IP) values were subsequently determined. Furthermore, data of number of nematodes per gram of roots (Nema/g) were calculated for each replicate. When RF values were lower than 1.0, genotypes were considered resistant to nematode, and higher than 1.0, susceptible [26] .
Experimental design and statistical analysis
Experiments were arranged in a completely randomized design, with 13 treatments (coffee genotypes) with ten replicates each. Firstly, data set were analyzed by Shapiro-Wilk normality test.
As RF and Nema/g data did not fulfill the residual normality assumptions, they were analyzed with the non-parametric Kruskal-Wallis test at 5% of significance. In addition, Spearman's correlation among untransformed means of RF and Nema/g was measured. For all analyses, we used the software R 2.15.2 .
RESULTS AND DISCUSSION
Results obtained in both experiments are presented in Table 1 . In general, M. paranaensis showed high multiplication (RF = 38.06 and 73.76, respectively for experiments 1 and 2) in the susceptible standard used, Catuaí Vermelho IAC 99, confirming the viability of the inoculum used and adequate experimental conditions. The higher RF in experiment 2 probably is due to lower initial population density used (1,000 eggs instead 1,400 used in experiment 1), allowing lower competition between individuals to parasitize roots. In Experiment 2, on the contrary, all genotypes tested were considered susceptible to M. paranaensis, with high RF and Nema/g values (Table 1) . These discrepancies could not be explained by temperature, since temperatures ranging from 21 to 41 °C in both experiments. Inoculum used also could not be responsible for this variation, since the same nematode population was used. However, the lower initial population density used in Experiment 2 could be the cause of the higher RF values in all genotypes tested. Andreazi et al. [15] , in an experimental design very similar to used here (coffee plants with four-leaf pair cropped in 700 mL plastic pots), attested that lower initial populations ensure the high multiplication of M. paranaensis in coffee plants, without extensive destruction of the root system and excessive competition among individuals.
Data of Nema/g confirmed the characterization of the genotypes based on RF values, i.e., the genotypes classified as resistant showed the lowest numerical values of Nema/g. As expected, by Spearman's linear correlation (P<0.01), we observed high congruence between RF and Nema/g values, independently of the experiment. By this way, the correlation in Experiments 1 and 2 was 96.36% and 87.46%.
The use of resistant cultivars is considered one of the main strategies for nematode management, especially for sedentary species which show a specialized and complex interaction with their hosts [27] . This strategy is efficient, low cost and environmentally friendly. Currently, the least susceptible coffee cultivars to M. paranaensis have a RF value higher than 1.0 [15] . In a previous work, the cultivars Obatã IAC 1669-20, Tupi Amarelo IAC 5111 and Tupi IAC 1669-33, all derived from 'Sarchimor', also showed RF values higher than 1.0 but, in comparison with the susceptible standards 'Catuaí Vermelho IAC 144', 'IAPAR 59' and 'Paraíso', both RF and Nema/g were lower [22] , indicating that those genotypes could be cropped in infested areas with lower risks of damage or yield losses, while a more resistant cultivar is not available.
'Sarchimor' genotypes with low RF values can be used in infested fields, combined with a careful management aiming to reduce soil nematode populations. Besides irrigation, an efficient fertilization to maintain an adequate plant development is also important. Additionally, these 'Sarchimor' genotypes derived from 'IAPAR 88480-8' have a great importance, since they show a complete resistance to rust (Hemileia vastatrix Berk. et Br.) and semi-early maturation cycle [28, 29] . Furthermore, the lower susceptibility of 'Sarchimor' genotypes possibly was originated from 'Timor' hybrid 832/2, because Salgado et al. [20] observed resistance to M. paranaensis in 'Timor' hybrid UFV 408-01. There are few resistance sources to nematodes in C. arabica and those that can be used easily in coffee breeding programs are 'Icatu' genotypes [17, 18, 19] , 'IPR 100' [15] and C. arabica genotypes derived from Ethiopia [12, 13] . Therefore, it is necessary to investigate deeply a great number of 'Timor' hybrid genotypes and its derivatives in order to verify which constitutes resistance sources to M. paranaensis. The use of 'Timor' hybrids is important in breeding programs, since they have complete resistance to major Brazilian rust races [28, 29] and also resistance to M. exigua [30, 31] . The results presented demonstrated the great phenotypic variability among coffee genotypes evaluated. This scenario is highly desirable, since the success of a breeding program lies in the existence of genetic variability in the working population. Resistance sources in the development of high-yielding Meloidogyne resistant cultivars must be one of the main objectives in coffee breeding programs, due to the great difficult in the management of these pathogens. Furthermore, Brazilian crop conditions involve a mixture of nematode species in the same area, in addition to different aggressiveness between nematode populations, as previous reported for M. paranaensis in Paraná State [32] . Thereby, the diversification of resistance sources to nematodes, using cultivars with resistance to different nematode species, is highly recommended. Consequently, future studies to evaluate the reaction of these genotypes to other nematode species are very important to Brazilian coffee growers in order to increase the management options.
CONCLUSION
Based on the present results, the 'Sarchimor' genotypes IAPAR 14069, IAPAR 14070 and IAPAR 14066 had a lower susceptibility to M. paranaensis and can be used as genitors in coffee breeding programs aiming resistance to this nematode. On the contrary, the cultivar Tupi other 'Sarchimor' genotypes tested are as susceptible as 'Catuaí Vermelho IAC 99' to M. paranaensis and must be avoided in infested areas.
